In this paper we test the effects of temporal aggregation (disaggregation) on the efficiency of portfolio construction using the mean variance optimization approach. Using Monte Carlo techniques and empirical data from the Athens Stocks Exchange we confirm that the use of temporally aggregated data effects very seriously the efficiency of the constructed portfolio. Especially as the degree of temporal aggregation increases the application of optimization techniques could lead to different results regarding the percentage of stocks participation, the weights and finally the total portfolio performance.
Introduction
Temporal aggregation poses many interesting questions which have been explored in time series analysis and which yet remain to be explored. An early example of research in this area is Quenouille (1957) , where the temporal aggregation of ) , , ( q d p ARMA processes is studied. Amemiya and Wu (1972) , and Brewer (1973) review and generalize Quenouille's result by including exogenous variables. Zellner and Montmarquette (1971) discuss the effects of temporal aggregation on estimation and testing. Engle (1969) and Wei (1990) analyze the effects of temporal aggregation on parameter estimation in a distributed lag model. Other contributions in this area include Tiao (1972) , Stram and Wei (1986) , Weiss (1984) , Rossana R.J. and Seater, J.J.,(1995) , Granger and Silkos (1995) , Marcellino (1999) , and finally Tommaso Di Fonzo(2003) to name but a few.
In this paper we investigate the effects of temporal aggregation on the application of the mean variance approach in portfolio management 1 . More specifically we investigate the effects of temporal aggregation of the returns of the stocks of the portfolio. on the portfolio's performance, as this performance can be approximated from: (a) the percentage of the number o stock is participate in the portfolio, (b) the structure of the portfolio and finally (c) the future portfolio performance.
Using empirical data from the Athens Stocks Exchange and stochastic simulation techniques we end up with the general conclusion that the efficient portfolio management is closely related with the level of temporal aggregation (disaggregation) of the returns of the portfolio's stocks. In other words , the use of the returns of the stocks we want to participate to the portfolio, in daily, weekly, monthly etc basis, could lead us to different results about the number of the stocks to participate to the portfolio, the structure of the portfolio and finally the portfolio's future performance for different time horizons. This article is organized as follows. In section 2 we present very briefly the mean variance portfolio management and in section 3 we present the temporal aggregation effects on a portfolio management of stocks of the Banking sector of the Athens Stocks Exchange Market. Section 4 introduces the design of the simulation procedure and section 5 provides the simulation results. The last section concludes.
2.Mean Variance Frontier
Suppose there are Ν > 1 stocks and that N R ∈ μ is a vector with the expected returns: Merton (1972) proved that a portfolio with weights w belongs to the mean variance frontier when: w g hE = +
for a level of expected returns Ε, when g and h are vectors of n dimensions and estimated as follows:
A B C and D are constants defined as : 
3.Temporal Aggregation Effects on the Portfolio of Bank Stocks
In order to study the effects of temporal aggregation we used daily data from the Athens Stock Exchange. The data cover the period 1995/1/1 -2005/3/28.The data set concerns the returns of seven Banks of the Athens Stocks Exchange 2 , namely 3 :
National Bank, General Bank, Eurobank, Emporiki Bank, Alfa Bank, Bank of Attika and the Bank of Greece. A graphical presentation of the diachronic behavior of these stocks (with basis the 3/1/1995) is given in Figure 1 . 2 More about the characteristics of the Athens Stocks Exchange can be found in: Alexakis, P. and Petrakis, P., (1991),Apergis, N. and Eleptheriou, S., (2001) , Barkoulas, J.T. and Travlos, N.G., (1998) , Barkoulas, J.T., Baum, C.F. and Travlos, N.G., (2000) , Bletsas, A. (1983) , Coutts, J.A., Kaplanidis, C. and Roberts, J., 2000 , Demos, A. and Parissi, S., 1998 , Karathanassis, G. and Philippas, N., (1993 , Karathanassis, G. and Philippas, N., (1993) , Kirikos, D., (1996) , Koutmos, G., Negakis, C. and Theodossiou, Laopodis, N. (1997) , Mertzanis, H. and Siriopoulos, C., (1999) , Milionis, A.E., Moschos, D., and Xanthakis, M., (1998), Milonas, N.T., (2000) , Niarchos, N. and Alexakis, C., (1998) ,Papachristou, G., (1999) , Papaioannou, G.J., Travlos, N.G. and Tsangarakis, N.V., (2000) 3 We choose these stocks due to data availability reasons. 5 In order to make our results more representative the date of starting the portfolio management was selected randomly using 3000 experiments with random the starting day of the portfolio management. The mean returns refer to the 3000 experiments.
total returns are the means of the distributions of the 3000 iterations with random characteristic the date of starting the portfolio management. According to the results of Table 1 we observe a strong differentiation of our results regarding the average returns of the portfolio and the associated portfolio risk , at different levels of temporal aggregation(disaggregation). More specifically we observe an increase to the average total returns of the portfolio. Simultaneously we observe and a decrease to the average risk of the portfolio as the risk is measured from its standard deviation. Figures 2,3 and 4 presents the analogous distributions of average total returns at 15 different levels of temporal aggregation of a portfolio management with 100,200 and 300 days, respectively. According to our empirical results the effects of temporal aggregation seems to be serious on the future returns of the portfolio, the structure and the number of the stocks to participate to the portfolio 7 .
In the next section we use Monte Carlo experiments in order to generalize our results.
4.The Monte Carlo Experiments
In our simulation experiments we used two Data Generating Process(DGP). In the first process (A) we assume ARCH characteristics 8 and autoregressions 9 of the simulated returns:
7 More information about the participation number of the stocks to the portfolio structure is available on request. 8 More sophisticated models were used in the simulation leading to similar results. In our experiments we used 20 different level of temporal aggregation. For each temporal aggregation level we estimate the aggregate returns using the relation: The following steps used in the application of the Monte Carlo experiment: Using the relations (12)- (14) και (15)- (18) at the different temporal aggregation levels and apply the Markowitz approach. We repeat this procedure (NITERS=4000) 4000 times.
The Average total returns for the three period of portfolio management and the 20 temporal aggregation levels were estimated using the following relations:
Weights based on the mean variance management approach. 
The Monte Carlo results
In this part of the paper we present the Monte Carlo results of the temporal aggregation(disaggregation) effects on the mean variance portfolio management approach. 4000 simulated observations (NITERS=4000) , for each of the 12 stocks simulated returns (NEQ=12) were obtained using the data generating process (A) and (B). In the portfolio management only 1600 observations were used to apply the mean variance approach and the whole number of iterations approaches the number 4000. In each of these iterations we applied the mean variance approach to obtain the number of the stocks and their optimal weights of the stocks of the portfolio at 20 different temporal aggregation levels. These stocks with their weights were then used for portfolio management with horizon of 100,200 and 300 days.
In Table 2 and in figures 7-9, we present the Mean Total Returns of three different portfolio management periods of 100,200 and 300 days, using the mean variance approach at 20 different temporal aggregation(disaggregation) levels using the data generating process (12)-(14). These results are similar with the analogous results of Table 1 with regard the mean portfolio risk 10 . As temporal aggregation increases we observe an analogous decrease on the mean portfolio risk using actual and simulated data. What is more interesting is the average number of participation and the average weight of each stock in the portfolio. In the three dimensions figures 10 and 11 we present the behavior of the number of participation and the average weigh of each stock at different level of temporal aggregation(20 levels of temporal aggregation). As the temporal aggregation increase we observe a decrease in the number of the participations of the stocks in the portfolio with a simultaneous increase on the weigh with which each stock participates in the portfolio. The results of Table 3 are completely different compared with the previous case , indicating no serious effects of temporal aggregation on the portfolio management using the mean variance approach, in the case the stocks of the portfolio exhibits random characteristics. 
Conclusions
I this paper we analyze the effects of temporal aggregation on the efficient management of a portfolio of stocks using the Markowitz Mean Variance approach. Using real data of the Athens Stocks Exchange and simulation techniques we end up with the conclusions that efficient portfolio management is closely related with the appropriate level of temporal aggregation the returns are selected. The effects of temporal aggregation on the portfolio performance are very serious usually leading in different results related with the temporal aggregation level the data are used. The different results of temporal aggregation effects are related with the number each stock is participating in the portfolio, its weights in the portfolio and finally the future performance of the portfolio. 
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